It is shown that the ordinary Born approximation for pn and pP charge-exchange scattering correctly accounts for (1) the shape of the forward peak for 0& ( -t) &p'/2 at PJ. --8 GeV/c, and (2) the energy dependence of the cross sections at t=0 in the energy range P1, =2 -8 GeV/c. This result is analogous to the well-known success of the electric Born approximation in 2r+ photoproduction. It is then shown that the simplest interpretation of this surprising result within the framework of Regge-pole theory is in terms of the fixed poles which are allowed by unitarity in hadronic amplitudes at certain nonsense points of right signature. Finally, it is shown how such a Axed pole at a nonsense point of one helicity amplitude aGects another amplitude for which the corresponding point is sense.
I. INTRODUCTION '
'0 date, no simple and esthetically pleasing explanation has been found for the sharp forward ( -t=0) peaks at high energy (s~eo) in chargedpion photoproduction ' and nucleon-nucleon chargeexchange scattering. ' It is common belief that the effect is due in some way to the pole in the scattering amplitude at t=p', which is associated with chargedpion exchange. The difhculty with this explanation is that the amplitude for pion exchange has the form t/(t -ps). The factor 1, which makes the pion. contribution vanish in the forward direction, is ultimately due to the pseudoscalar nature of the pion -i.e. , to the fact that the pion has unnatural parity. Attempts to remove or alter the disastrous factor t have utilized absorption corrections' or pion conspiracy. Fig. 2(a) is separately consistent with gauge invariance. '
The other obfuscation arises because photoproduction is a "weak. " process, i.e. , it is usually treated to first order in the charge (or magnetic moments). This has led to a folklore of "weak fixed poles. "7 The argument given for these weak fixed poles is that, to lowest order in the charge e, the weak. amplitude never appears bilinearly in the unitarity condition. Hence, such fixed poles will not conflict with unitarity. This argument is always qualified by the statement that these poles would be ordinary moving poles if electromagnetic effects were treated to all orders in e but in lowest order the trajectories condense onto nonsense points. The amplitude for Fig. 2 
where p, E, and z are related to the Mandelstam variables by f = 4E'=4(p'+3P), u = -2p'(1 -z), and s = -2p'(1+z).
For the processes we are considering, the s, t, and u channels correspond to pn~np, pn~np, and pp -+ nn, respectively. The t channel is thus pure I= 1.
The Born terms are given in GGMW to be t-channel~+ exchange:
(2) I-channel mo exchange:
where p'=0.0195 is the pion mass squared and g'/47r =14.8+0.3 is the rationalized and renormalized pionnucleon coupling constant. "
In addition to the pion poles, the Born approximation includes a contribution from the deuteron pole in the s channel. This contribution is expected to be small. The Feynman amplitude for the deuteron" quoted in GGMW, however, has an s dependence which exceeds the established bounds on sca,ttering amplitudes. "
This difhculty can be traced to the D-wave component of the deuteron amplitude. The momentum fa.ctors in the I'"eynman amplitude which guarantee correct threshold behavior for this component are responsible for the anomalous asymptotic behavior. At the position of the deuteron pole, however, the D-wave component amounts to only a few percent of the S-wave component. In order to obtain a realistic estimate of the deuteron contribution at high energy, we set the D-wave/S-wave ratio equal to zero. In this approximation, the effect of the deuteron is less than 3% of that of the pions above Pr. =3 GeV/c. Consequently, we omitted the deuteron from further consideration. The contribution of the pions to the helicity amplitudes is given by 3-channel m+:
where, in the last expression, we used -u/(p, ' -u)=1 where X = -2t/(p' -t).
This result is compared in Fig. 3 is also in good agreement with experiment above 2 GeV/cP '4" as seen in Fig. 4 .
The unexpected feature of our result is that, at t=O, the sole contribution to the charge-exchange cross section comes from the I-channel (neutral) pionexchange amplitude.
The predictions of Eq. (4) disagree violently with the data in Fig. 3 for ( -t) )-,p', primarily because of the growth of the t-channel pion Born term. In Fig. 1 we see that an analogous disagreement occurs in the photoproduction case for ( -t))y'. The resolution of this difFiculty can be found readily in a Regge theory with evasive trajectorie. In such a theory the t-channel pion contribution, which we have treated in particleexchange fashion, will be replaced by its Regge form. 
s ' to fg and f4 (there happens to be no contribution to fq). The Born contributions to f3 and f4 can be interpreted readily as right-signature nonsense fixed poles in ki(J) and k»(J'). The feature which requires clarification is the Born contribution to fi and f~a t J=0, which is a sense point for k, (J) and kii(J).
What we wish to emphasize is that these contributions have nothing to do with Kronecker deltas in J. Rather, they are merely subsidiary contributions of the perfectly analytic nonsense fixed poles in the other amplitudes. In order to establish this point, let us examine the analytically continued version of Eq. (6) near J=0, which is a nonsense point for h~&, h~, and h~~. Keeping only the terms which are singular at J=0, we have In the last equation the quantities g, are given by g, s(t)=-' , dfPs(s)G;(t, s), j=1,2, . . . , 5.
The lower limits of integration are chosen low enough to inct. ude the I-and s-channel Horn terms. As usual, one now can define the analytically continuable partialwave amplitudes of definite signature ki, +(J,t), which bear the same relation to the quantities The amplitudes G; satisfy a Mandelstam representation with no arbitrary subtractions. We assume that t is so chosen that the G; satisfy fixed t dispersion relations with no subtractions:
The quantities g, (J -1,t), i =2, 3, 4 each have a pole at 7 =0 which arises from the Legendre function of the second kind in Eq. (9). The u-channel pion contribution to these poles is obtained by using Clearly, the poles of g2 & &(J -1,t) at J=O are in oneto-one correspondence with the nonsense fixed poles in k»(J, t), ki(J, t) and J '"ki2(J,t) (although the u-channel pion contributes oppositely to g2 and g4 and so does not contribute to ki2). These same g, contribute to the following diRerences between the continued and physical partial-wave amplitudes for which 7=0 is a sense point:
g"(J,t) =(2~p') ' p)&p [G, '"'(t,u') The cross section in the Born approximation is essentially independent of t, for small t and large s, and is given by (do/dt) n"."=230 mb/Pl, ', or three times that for pn charge-exchange scattering.
In this case, however, we do not expect the Born approximation to have any meaning at high energy because fixed poles are forbidden by unitarity in the J plane of the t-channel (pp~pp). 8 The reason that fixed poles are forbidden here is the old one: There is a range of t where elastic two-body unitarity holds and the spins involved are too low for the fixed cuts to play their role. The Born prediction given above is a factor 10' larger than the experimental cross section for pp~pp at Pl, 3GeV/c, --do/dt(t 0)(0.1 mb/Pr, '"
The examples we have considered suggest that it is possible for a Born term to be meaningful at high energies if and only if it is consistent with the contribution of allowed fixed poles. Clearly, this does not imply that only Born terms contribute to fixed poles. For example, it may be that the residues of the fixed poles which are important in pn and pp charge-exchange scattering are dominated by the u-channel pion Born term only in the region near t=0. Whether or not this is so will be determined by phenomenology or by means of 6nite-energy sum rules. At any rate, even such a limited Born-term dominance of the residues of some allowed fixed poles provides a simple mechanism for resolving some of the puzzles now facing Regge-pole theory.
